We present relative astrometric measurements of visual binaries, made in 2008 with the Pupil Interferometry Speckle camera and Coronagraph (PISCO) at the 102 cm Zeiss telescope of Brera Astronomical Observatory, in Merate. Our sample contains orbital couples as well as binaries whose motion is still uncertain. We obtained 240 new measurements of 237 objects with angular separations in the range 0.15-4.6 arcsec, and an average accuracy of 0.014 arcsec. The mean error on the position angles is 0.
I N T RO D U C T I O N
This paper deals with the results of speckle observations of visual binary stars made in Merate (Italy) in 2008 with the Pupil Interferometry Speckle camera and COronagraph (PISCO) on the 102 cm Zeiss telescope of INAF -Osservatorio Astronomico di Brera (OAB, Brera Astronomical Observatory). It is the ninth of a series (Scardia et al. 2005a (Scardia et al. , 2006 (Scardia et al. , 2007a (Scardia et al. , 2008a Prieur et al. 2008; Scardia et al. 2009a; Prieur et al. 2009; Scardia et al. 2010 , hereafter Papers I to VIII), whose purpose is to contribute to the determination of binary orbits. PISCO was developed at Observatoire Midi-Pyrénées (France) and first used at Pic du Midi from 1993 to 1998. It was moved to Merate in 2003 and used there since.
We briefly describe our observations in Section 2. Then, we present and discuss the astrometric measurements in Section 3. Finally, in Section 4 we propose new revised orbits for ADS 11468, E-mail: prieur@ast.obs-mip.fr 13850 and 16057, partly derived from those observations and infer estimate values for the component masses.
O B S E RVAT I O N S A N D D E S C R I P T I O N O F T H E S A M P L E
The observations were carried out with the PISCO speckle camera with the Intensified Charge Coupled Device (ICCD) detector belonging to Nice University (France). This instrumentation is presented in Prieur et al. (1998) and our observing procedure is described in detail in Paper VI. For the present observations, thanks to an improvement of our software and a faster computer, we were also able to compute in real time the restricted triple correlation (Aristidi et al. 1997 ) that we use for resolving the 180
• ambiguity (see Section 3.2).
The description of our sample can be found in our previous papers (e.g. Paper VI). It basically includes all the visual binaries for which new measurements are needed to improve their orbits, that are accessible with our instrumentation. Table 1 , for which Hipparcos parallaxes were obtained with a relative error smaller than 50 per cent (i.e. 159 objects).
The distribution of the angular separations measured in this paper is displayed in Fig. 1 (a) and shows a maximum for ρ ≈ 0.7 arcsec. The largest separation of ρ = 4.6 arcsec was obtained for ADS 6175. The smallest separation was measured for ADS 16057, with ρ = 0.15 arcsec. This is close to the diffraction limit ρ d = λ/D ≈ 0.13 arcsec for the Zeiss telescope (aperture D = 1.02 m) and the R filter (λ = 650 nm).
Likewise, the distribution of the apparent magnitudes m V and of the difference of magnitudes m V between the two components are plotted in Figs 1(b) and (c), respectively. The telescope aperture and detector sensitivity lead to a limiting magnitude of about m V = 9.5 (Fig. 1b) and a limiting m V of about 4 (Fig. 1c) .
Using the Hipparcos parallaxes, we were able to construct the HR diagram of those binaries, which is displayed in Fig. 2 . We only plotted the objects for which the relative uncertainty on the parallax was smaller than 50 per cent. It can be seen that a large part of the HR diagram is covered by our sample. In the future we would like to acquire a more sensitive detector in order to observe fainter (and cooler) main-sequence stars.
A S T RO M E T R I C M E A S U R E M E N T S
The astrometric measurements of the observations made in 2008 are displayed in Table 1 . For each object, we report its WDS name (Washington Double Star Catalogue, Mason, Wycoff & Hartkopf 2010, hereafter WDS Catalogue) in Column 1, the official double star designation in Column 2 (sequence is 'discoverer-number') and the ADS number in Column 3 (Aitken 1932). For each observation, we then give the epoch in Besselian years (Column 4), the filter (Column 5) and the focal length of the eyepiece used for magnifying the image (Column 6), the angular separation ρ (Column 7) with its error (Column 8) in arcsec and the position angle θ (Column 9) with its error (Column 10) in degrees. In Column 11, we report some notes and some information about the secondary peaks of the autocorrelation files (e.g. diffuse or elongated). For the systems with a known orbit, the (O − C) (Observed minus Computed) residuals of the ρ and θ measurements are displayed in Columns 13 and 14, respectively. The corresponding authors are given in Column 12, using the style of the Sixth Catalogue of Orbits of Visual Binary Stars (Hartkopf & Mason 2010, hereafter OC6) . In Column 14, the symbol † indicates that there was a quadrant inconsistency between our measures and the orbital elements published for this object. The correspondence with the references of this paper is indicated at the end of Table 1 . Unless explicitly specified, the measurements refer to the AB components of those systems.
The characteristics of the V, R and RL filters used for obtaining those measurements are given in Table 2 . For each filter the central wavelength λ c and full width at half-maximum λ of the transmission curve are given in Columns 3 and 4, respectively. Some objects were observed with no filter because they were too faint. This is indicated with W (for 'white' light) in the filter column (Column 5 of Table 1 ). The corresponding bandpass and central wavelength correspond to that of the ICCD detector.
As for the other papers in this series, we interactively processed each auto-correlation file and obtained a series of measurements with different background estimates and simulated noise. The measures and errors displayed in Table 1 were derived from the mean values and the standard deviation of those multiples measurements (see Paper III for more details). The average values of the errors of the 240 measurements reported in this table are 0.014 ± 0.010 arcsec and 0.
• 64 ± 0.
• 52 for ρ and θ , respectively. 
Diffuse
Notes. In Column 9, the exponent * indicates that the position angle θ could be determined without the 180 • ambiguity. There is only one unresolved object: ADS 9744. This is compatible with the ephemeris of Docobo & Ling (2007d) 's orbit that gives ρ = 0.06 arcsec, which is smaller than the diffraction limit of the Zeiss telescope.
Multiple systems
ADS 11454: this object is known as a quadruple system. We already observed it in 2006.699, 2006.715 and 2006.716 , and then managed to restore an image of the AB, C and D components from ADS 11074 (new discovery): although this star is only catalogued as a binary, the secondary peaks of our auto-correlations are clearly double in the observations made in 2008.670 (see Fig. 3 ). In our previous observations of 2006.639 (Paper VI), the secondary peaks were very elongated, but not really separated (likely because of insufficient seeing). We propose to call this pair STF 2282BC, where C is the new component. The couples composed by the inner and outer peaks would then belong to STF 2282AB and STF 2282AC, respectively.
ADS 13728: two known couples could be measured in the same auto-correlation frame: A 1427 AB and STF2268 AB-C. The AB components could only be seen after subtracting a model of the background (see Paper IV).
Quadrant determination
As our measurements were obtained from the symmetric autocorrelation files, the θ values first presented a 180
• ambiguity. To resolve this ambiguity and determine the quadrant containing the companion, we have used Aristidi et al. (1997) 's method by computing and analysing restricted triple correlation files. For the couples with the largest separations, a straightforward determination could be done when the companions were visible in the long integration files.
As a result, in Table 1 , we are able to give the unambiguous (i.e. 'absolute') position angles of 186 out of 240 measurements, i.e. 78 per cent of the total. They are marked with an asterisk in Column 9. Otherwise, our angular measurements were reduced to the quadrant reported in the WDS Catalogue.
Our 'absolute' θ values are consistent with the values tabulated in the WDS Catalogue for all objects except for ADS 5570, 10945 and 15007. However, a clear and high contrast between the two secondary peaks of the restricted triple correlation is observed in all those cases, which is a good indication of the validity of our quadrant determination. In the following, we discuss each case using the usual convention of numbering the quadrants (Q) from 1 to 4 to indicate the North-East, South-East, South-West and North-West quadrants, respectively.
ADS 5570: our quadrant Q = 2 is consistent with the space-based Hipparcos/Tycho measurements in 1991 and with Douglass et al. (1999) 's measurement of 1997, both published in the 'Fourth Catalogue of Interferometric Measurements of Binary Stars' (Hartkopf et al. 2010, hereafter IC4) . Then, after 2002, the quadrant abruptly switches to 4 in IC4, which creates a discontinuity of 180
• in the θ measurements. The small difference in magnitude between the two components ( m V = 0.25) can account for the difficulty of determining the quadrant. This pair was observed by us also in 2006.258 but it was then impossible to determine the quadrant because of insufficient signal-to-noise ratio.
ADS 10945: our quadrant Q = 3, obtained in W (close to R), is in contrast with the value Q = 1 of the other observations published in IC4, all made in V, with the exception of our measurement of 2006.696 in R in Paper VI (for which we were unable to determine the quadrant). The spectral class of the system is A2, and the companion is likely to be much cooler. Indeed, the contrast between the two components decreases from B to V ( m B = 1.4 and m V = 0.5), which gives a hint of a probable quadrant inversion in R. This would explain why we find a different quadrant value in W.
ADS 15007: our Q = 1 seems reliable, but is in disagreement with all 70 observations, spanning 83 years, listed in IC4 and mostly made in V. The very small difference in magnitude between the components ( m V = 0.01) well accounts for the difficulty of determining the quadrant. This case is similar to that of ADS 10945. The spectral class of the system is F4V and a quadrant inversion between V and R is likely. Because of the unfavourable signal-to-noise ratio, we were unable to determine the quadrant for our last observations in 2004.936 (Paper II) and 2006.727 (Paper VI), in R. This is why those two observations were reported with Q = 3 in IC4, simply to be in agreement with the other measurements.
Comparison with published ephemerides
The (O − C) residuals of the measurements for the 65 systems with a known orbit in Table 1 are displayed in Columns 13 and 14 for the separation ρ and position angle θ , respectively. The orbital elements used for computing the ephemerides were retrieved from OC6. The corresponding authors are given in Column 12, using the style of the OC6.
The residuals reported in this table were computed with a selection of valid orbits found in the 'master' file of the OC6 catalogue. We did not always use the most recent orbits since sometimes older orbits led to equivalent or even smaller residuals. We think that the publication of many new orbits is not always scientifically justified. Indeed, a residual difference of 1
• -2
• in θ and a few hundreds of arcsec in ρ is meaningless, and two orbits leading to residuals in that range can be regarded as equally good. Fig. 4 shows that the residuals are well centred around the origin, with a rather large scatter that can be explained by the (old) age of many orbits. The mean values computed with the residuals of Table 1 are ρ O−C = 0.00 ± 0.07 arcsec and θ O−C = −0.
• 1 ± 1.
• 9. The small values obtained for those offsets provide an additional validation of our calibration made with a grating mask (see Paper III). In the following, we examine the cases of ADS 4841, 12201, 13850 and 16057 that appear with the largest residuals in Fig. 4 .
ADS 4841 (η Gem): the available observations only cover a small fraction of the full orbit, but the last ones begin to depart from Baize (1980a)'s orbit (with residuals of +0.19 arcsec and +3
• for our measure). The orbital period is likely to be in the range of 400-600 yr, and it will be impossible to compute a new reliable orbit, for many years. It is a pity, especially because the luminosity class of this complex system is badly known. The spectral type could be M3.5I-II or M3III, according to the WDS or SIMBAD data bases, respectively. The consequence is a complete indetermination of the total mass, that would be 20 M in the first case, or 6.6 M in the second case! ADS 12201: the preliminary orbit computed by Hopmann (1973b) gives large residuals in ρ (−0.13 arcsec). This is not surprising because this orbit is completely undetermined. It is based on a small orbital arc of about 10
• only, with a small curvature. Clearly more observations are needed for determining the orbit of this object.
ADS 13850 and ADS 16057: these objects will be discussed in the next section, since new orbits have been computed for both. In this section we present the new orbits we have computed for ADS 13850 and 16057, which have the largest residuals in Fig. 4 , and for ADS 11468, for which our previous orbit (Scardia 1984e ) now leads to large residuals in θ. We have followed the same method for those three objects. Using our last measurements with PISCO and the other available observations contained in the data base maintained by the United States Naval Observatory, we first computed the preliminary orbital elements with the analytical method of Kowalsky (1873) . We then used them as initial values for the least-squares method of Hellerich (1925) . When convergence was achieved, Hellerich's method led to an improvement of the orbital elements with an estimation of their errors.
R E V I S E D O R B I T S O F
The final orbital elements are presented in Table 3 . The description of the format of the tables contained in this section can be found in Papers VI and VII. The errors reported for ADS 11468, 13850a and 16057 were obtained by Hellerich's method. Convergence was not achieved for 'solution b' of ADS 13850 which explains their absence for this orbit. The corresponding (O − C) residuals, restricted to the last observations for reasons of space, are given in Tables 4,  5 and 6 for ADS 11468, 13850 and 16057, respectively. In the last column, we report the name of the observer, using the US Naval Observatory convention.
The apparent orbits are shown in Fig. 5 as solid lines and the observational data used for the calculation of the orbital elements are plotted as small crosses or, in the case of PISCO observations, as filled circles. For ADS 13850, the observations made before 1930, whose quadrant differ in the solutions 'a' and 'b', are drawn with small, unfilled squares. The orientation of the graphs conforms to the convention adopted by the observers of visual binary stars. For each object, the big cross indicates the location of the primary component, and the straight line going through this point is the line of apsides. The sense of rotation of the companion is indicated with an arrow. The ephemerides for 2010-2020 are presented in Table 7 , and some physical parameters derived for those systems are reported in Table 8 . In the latter, the Hipparcos parallaxes are the revised values from van Leeuwen (2007) and the linear sizes of a and M total were computed from our orbital elements and those values.
New orbit of ADS 11468, A 1377
From the 138 measurements obtained since 1906, we derived the new orbital elements reported in Table 3 . The standard deviations of the residuals are 2.
• 7 and 0.02 arcsec for θ and ρ, respectively. The total mass of the system derived from our orbit is 2.8 ± 1.3 M (see Table 8 ), which is consistent with the value expected for a K0III binary system.
New orbit of ADS 13850, A 730
This pair was discovered by R.G. Aitken in 1904 June with the big refractor of Lick Observatory (Aitken 1904). The first orbit was computed by Baize (1955) who noted '. . . The quadrant, in this couple with nearly equally bright components, 1 is practically undetermined, and we had to reverse all the position angles, from 1937 to 1 There are only two photometric measures of the components of ADS 13850. Wilson (1941) 1949 included, in order to obtain a representation compatible with Kepler's area law. . .' The corresponding position angles are displayed in Fig. 6 . The last-published orbits from Starikova (1981a) and Heintz (1986) also used this quadrant correction.
ADS 13850: solution a
Using Baize's quadrant correction, we obtain the orbital elements of 'solution a', that well fit the corresponding measurements (see Fig. 5a ). The mean standard deviation of the residuals for the 58 available measures is 3.
• 04 for θ and 0.03 arcsec for ρ. However, using the revised Hipparcos parallax of π = 3.98 mas (Table 8) , those orbital elements lead to total mass of 15.5 ± 6.7 M , which is much too large for an A2IV binary system. This was also the case of the previously published orbits (e.g. M total = 11.2 M with Starikova's orbit)
ADS 13850: solution b
In order to obtain a smaller value of M tot , we propose to extend Baize's correction to the measurements made before 1930 (see Fig. 6 ). The consequence is a smaller variation of θ, which leads to a less eccentric orbit with a longer period.
Indeed, using Kowalsky's method we obtained the orbital elements reported in Table 3 as 'solution b', with a period nearly twice longer than that of 'solution a'. Unfortunately, Hellerich's method did not converge, which impeded us from computing the errors on those orbital elements. As this orbit is nearly circular, the values of T and ω are not well determined. The mean standard deviation of the residuals is 3.
• 04 for θ and 0.02 arcsec for ρ. Using the revised Hipparcos parallax we obtain M tot = 6.4 M , which is still large, but marginally compatible with the theoretical values when taking into account the error bars. Indeed, Straizys & Kuriliene (1981) give 4.4 M for an A2IV binary system, and the 10 per cent uncertainty on the parallax leads to an error of 30 per cent (i.e. 2 M ) on the total mass. Furthermore, the radial velocity measurements have a large dispersion (4 measures with a mean of −1 km s −1 and a standard deviation of 8 km s −1 , in SIMBAD data base), which suggests the presence of a third body that could account for this mass excess.
The ephemerides of Table 7 show that future observations will soon allow us to distinguish between the orbits 'a' and 'b'. Unfortunately, the angular separation for the next years is expected to be smaller than the resolving capabilities of PISCO on the Zeiss telescope. Apertures with diameters larger than 2 m are needed for this purpose.
New orbit of ADS 16057, STF 2924
This couple was discovered by F.G.W. Struve with the famous 24 cm refractor of Dorpat Observatory. It is reported without any comment in his catalogue 'Stellarum Duplicium et Multiplicium Mensurae Micrometricae . . . .' (Struve 1837) where he published all his measures. In his 'Catalogus Novus Stellarum Duplicium et Multiplicium' (Struve 1827) , where he published the list of his discoveries, he simply qualified this couple as 'vicinissimae' (very close).
Since its discovery, ADS 16057 was rather well monitored, even during the period of nearly all visual binary scientists from observing. Nevertheless, they are scarce between 1940 and 1950, with one measure made by Rabe (1953) in Munich and four others by van Biesbroeck (1954) with the 40-inch Yerkes refractor and with the 82-inch McDonald telescope. The first orbit was computed by Arend (1953) . The last orbits from Heintz (1991) and Söderhjelm (1999) do not represent the measurements made after 2003.43, especially in θ. This justifies the revision of this orbit.
The new orbital elements we found are reported in Table 3 . They well fit all the available observations (148 in θ and 134 in ρ), even the last ones (see Table 6 ). The mean residuals are 2.
• 4 for θ and 0.06 arcsec for ρ.
Although the orbital ellipse has not been fully monitored yet (see Fig. 5d ), the orbit we obtain seems reliable. Indeed, the total mass of the system (see Table 8 ) is in good agreement with the theoretical value expected for a system of this spectral type (A9 III).
C O N C L U S I O N
In 2008, we obtained 240 new measurements of 237 visual binaries with PISCO in Merate, with an average accuracy of 0.014 arcsec for the angular separation and 0.
• 6 for the position angles. The total number of measurements made in Merate since 2004 now exceeds 1800. This work is thus a good contribution to the continuing monitoring of long period visual binary systems, which is important for refining systemic stellar masses. We have found a new component for ADS 11074, which is thus a new triple star system.
We have used the measurements reported here to revise the orbits of ADS 11468, 13850 and 16057, whose elements are presented in this paper.
For ADS 13850, we first used the quadrant correction adopted by all the other authors (e.g. Baize 1955; Starikova 1981a; Heintz 1986) , and obtained a short period orbit ('solution a') with an unrealistic stellar mass, similarly to what was obtained by those authors. We then proposed an alternative correction which led to a longer orbital period and a much smaller stellar mass ('solution b'), close to theoretical values. Future observations with bigger telescopes than ours should soon allow to distinguish between those two orbits.
